The effects of accelerated aging on a pigmented elastomer were evaluated by using a weathering chamber. Silastic 
Introduction.
Two major problems are associated with maxillofacial prostheses used to rehabilitate patients with extra-oral-facial deformities. They are: 1) the degradation of static and dynamic physical properties of the elastomers, and 2) discoloration of these prostheses in a service environment.
Although many materials and techniques are currently available, scientific studies dealing with the physical properties and color stability of these materials are yet very limited. In 1969, Cantor and coworkers1 published a study on methods for evaluating various prosthetic facial materials. After examining the results of the physical and mechanical properties of several materials, they concluded that plasticized poly(methyl methacrylate) was best suited for maxillofacial applications since it had good tear resistance and percent elongation. Reflectance spectrophotometry was also used to analyze the color of human skin and maxillofacial pigments.
Walter,2 in 1970, reported on the physical properties of an acrylic ester resin, Palomed; a dimethyl polysiloxane, Molloplast B; a silicone rubber, Verone R.S.; and a pourable latex rubber, Qualitex P.V. The results of clinical trials indicated that the high compressibility and good tissue tolerance of Palomed were improvements over harder materials.
The important criteria for maxillofacial materials were described by Chalian, Drane, and Standish in 1971.3 They were: ease of application and retention, color stability, durability, lack of toxicity, strong peripheries, translucency, ease of cleansing, light weight, ease of fabricating, and physical and chemical inertness.
Sweeney and his associates,4 in 1972, published a tentative specification for maxillofacial materials. Several materials were evaluated, and a plasticized polyvinyl chloride appeared promising. Although an accelerated aging chamber was used to test color stability, the effects of accelerated aging on the physical and mechanical properties of these materials were not reported.
Properties of a plasticized polyvinyl chloride, one silicone elastomer, several formulations of an aliphatic polyether urethane, and two aromatic polyester urethane systems were reported by Goldberg5 in 1977. All materials were tested for physical property stability, hydrolytic stability, stain resistance, and color stability. The aliphatic polyether urethane was particularly promising.
Results were reported by Lewis et Although many articles dealing with the techniques of color matching and reproduction for maxillofacial prostheses are available, a review of the pertinent literature indicates that studies concerning the effects of pigments on the physical and mechanical properties of the base elastomers, and the effects of pigment degradation on these properties as a result of accelerated aging, have not been reported. The purpose of the present study was to investigate the effects of accelerated aging on the physical and mechanical properties of a pigmented maxillofacial elastomer. The effect of pigments on the properties of the elastomer prior to aging was also studied. (Bl), red (R), Blue (Bu), light orange (LO), and orange-yellow (OY). All pigments were incorporated into the silicone elastomer at 0.2% by weight, following the same procedure as that described in the previous study.11 The samples were prepared by incorporating each pigment into the silicone base, then catalyzing and processing the mix in an aluminum mold according to the manufacturers' instructions, and under vacuum to eliminate porosities. Prior to accelerated aging, the ultimate tensile strength, maximum percent elongation, shear strength, Shore A hardness, and permanent deformation after break were determined for each pigment/elastomer combination. For ultimate tensile strength and maximum percent elongation determinations, dumbbell-shaped samples of dimensions 0.7 x 0.2 cm with two gauge marks 3.5 cm apart were stretched at a constant elongation rate of 10 cm/min with an Instron Tensile Tester.1 The ultimate tensile strength was described as the maximum load at sample rupture per unit initial cross-sectional area. The maximum percent elongation was calculated by dividing the length of the sample between the gauge marks at rupture by the initial length be- Results.
Results of the physical and mechanical testing before and after aging are summarized in Tables 1 through 5. In each  table, the vertical lines represent no 
Results in Table 1 show that before accelerated aging, seven of the 11 pigments did reduce the ultimate tensile strength of the elastomer. They were Y, OY, LB, DBf, W, MB, and Bl. The largest change was observed for the yellow pigment (Y), with a value of 37.7 kg/cm2 or a decrease of 20.7%.
No practical differences in ultimate tensile strength were observed for any pigmented samples before and after aging for 900 h.
The results for maximum percent elongation are given in Table 2 . Incorporation of the pigments into the silicone imparted only slight changes in percent elongation. Only four of the pigment/elastomer combinations were statistically different from the control after 900 hours of aging. Prior to aging, the largest decrease in percent elongation was with dark buff (DBf) at 431% or a decrease of 4.4%. Similar to the results for ultimate tensile strength, no practical changes in percent elongation were seen as a result of accelerated aging.
In Table 3 (14) 438 (12) Tukey Interval for Times = 0.4; for Pigments = 0.9.
Vertical line indicates no statistical difference for pigments with respect to control. Table 5 summarizes the results of permanent deformation. Determination of this deformation is essential in evaluating the potential for permanent dimensional change around the thin edges, as a result of stress on the peripheries of maxillofacial appliances under service environment. Unlike the results for other physical and mechanical properties, the incorporation of pigments had no effect at all on the permanent deformation of the resulting elastomers. Accelerated aging caused slight changes in the permanent deformation for W, Y, DBf, RB, Bl, R, Bu, and OY; however, these changes would not be clinically significant.
Discussion.
The results obtained from physical and mechanical testing of pigmented Silastic 44210 samples suggest that accelerated aging caused little or no change in the overall properties of the resulting elastomers. However, incorporation of pigments into the silicone base can vary the initial physical and mechanical behavior of the elastomer.
The reductions observed in ultimate tensile strength, maximum percent elongation, and Shore A hardness for LB, DBf, W, MB, Bl, R, RB, Bu, and LO were the direct result of polymer pigment interactions. When these pigments were incorporated into the polymer matrix, the results obtained for physical and mechanical properties were largely contributed by physical interactions and were not of chemical origin. If there were a chemical reaction between the pigment and the elastomer, the result of chemical bonding between polymer and pigments would be reinforcement,15-18 whereas in physical interactions, pigment particles can be treated as inert media, in that their presence has been accounted for by simple geometric modification of the elastic chains in a polymer network and a reduction in the numbers of chains passing through a unit cross-sectional area of the sample. No reinforcement can be expected in this case, but a reduction in physical and mechanical strength of the elastomer could result.19,21 While this behavior was demonstrated for ultimate tensile strength, maximum percent elongation, and Shore A hardness, the noted increase in shear strength was probably a result of the increase of interfacial friction on the shearing surfaces. When the two surfaces are caused to slide against each other by a shearing force, the distribution of pigment particles on the surface increases the surface roughness, and therefore increases the shear strength.
In the case of Y and OY, addition of these two pigments probably hindered the polymerization kinetics or changed the polymerization mechanism. Therefore, the result of this type of pigment/elastomer combination is a decrease in the crosslink density. This effect is reflected in a decrease in the elastic behavior of the polymer/pigment combination, an increase in the viscous characteristics as reflected by a decrease in ultimate tensile strength, and an increase in maximum percent elongation.
Although the addition of pigments changed some of the physical and mechanical characteristics of the elastomer, they did not substantially reduce the elastic free energy of the elastomer to hinder the dimensional recovery after elongation. This was substantiated in the results of permanent deformation measurements. These results show that Silastic 44210, with and without pigments, had good dimensional stability.
The permanent deformation observed averaged only 0.35%.
Conclusions.
The results indicate that addition of pigments can vary the physical and mechanical properties of a maxillofacial material. However, the changes observed in this study using Silastic 44210 and mineral earth pigments were not large enough to compromise the use of the material clinically.
The physical and mechanical properties of samples prepared from combinations of each of the 11 maxillofacial pigments with Silastic 44210 showed little or no change after 900 h of accelerated aging in a Weather-Ometer.
